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ABSTRACT 
Objectives: Chronic wounds are costly and affect approximately 1-2% of the population.  
Venous disease is responsible for about 60% of all chronic leg ulcers and these ulcers can 
be debilitating, with evidence of a decreased quality of life. Unfortunately, up to 30% of 
venous leg ulcers fail to heal despite best practice treatment. This study aimed to identify 
risk factors associated with delayed healing in participants with venous leg ulcers and in 
particular, whether psychosocial factors play a part in this process.  
Methods: A secondary analysis was conducted of a large data set of clinical, wound 
healing, health, social, economic and psychological data collected in previous prospective 
studies of participants with venous leg ulcers.  Two hundred and forty-seven participants 
with 318 venous leg ulcers were recruited from hospital and community settings.  
Generalised linear mixed modelling was used to identify independent predictors of failure 
to heal after 24 weeks.  
Results: Findings revealed that four early predictors were independently significantly 
associated with failure to heal by 24 weeks.  These were: participants who lived alone (OR 
2.3 95%CI 1.13-4.61, p=0.03),  had less than 25% reduction in ulcer area within two weeks 
of treatment (OR 10.07 95%CI 4.60-22.19, p<0.001), had higher ulcer severity scores (OR 
4 | P a g e    
 
5.1 95%CI 2.33-11.88, p=0.001) and participants who were not treated with high level 
compression therapy (i.e.>30mmHg) at the time of assessment (OR 4.18 95%CI 1.95-
8.97, p=0.002).  
Conclusion: Identified risk factors offer an opportunity for clinicians to determine realistic 
outcomes for their clients and to guide decisions on early referral and implementation of 
tailored adjunctive interventions. Additionally, findings from this study suggest health 
professionals need to assess and address not only clinical risk factors but also social risk 
factors, when planning interventions to promote healing. 
 
KEYWORDS 
Delayed healing, generalised linear mixed modelling, non-healing, risk factors, venous leg 
ulcer, living alone 
 
 
INTRODUCTION and BACKGROUND 
Despite many advances in wound care, chronic leg ulcers still pose a considerable 
burden today for clients, carers and the health care system. Leg ulcers affect 
approximately 1-2% of the population.1  Chronic venous insufficiency or venous disease 
contributes to approximately 60% of all chronic leg ulcers.2  
A chronic venous leg ulcer has been defined as an ulcer which fails to proceed 
through an orderly process to produce anatomic and functional integrity and does not heal 
within a four to six week period.2  Venous leg ulcers generally occur in the distal portion 
of the lower limbs, are shallow and moist, with an irregular shape; often with associated 
venous eczema, haemosiderin pigmentation, ankle oedema, ankle flare, and 
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lipodermatosclerosis.3  These ulcers can vary in size, ranging from a single, small ulcers  
to multiple ulcers and/or encompassing the full circumference of the leg.4 
Three per cent of the total health expenditure in developed countries is currently 
spent on the care of chronic leg ulcers.5  Due to advanced age and the multiple co-
morbidities of many clients with venous leg ulcers, these clients are health resource 
intensive and are commonly cared for by many health professionals, leading to problems 
with continuity of evaluation of wounds, availability of wound care supplies and variations 
in consistency of care.6  It is also well known that many clients treat their ulcers themselves 
at home and therefore in addition to being a significant burden for the sufferer, venous leg 
ulcers can also be a significant burden for their families.6 
Unfortunately, despite best practice 30% of venous leg ulcers will remain unhealed 
after 24 weeks.7,8  From the literature, there have been some consistent clinical predictors 
of delayed healing in venous leg ulcers including: larger ulcer area9,10; longer ulcer 
duration7,9; previous ulceration4,11, lack of high compression12  and venous 
abnormalities.13  Predictors with more inconsistent evidence to support their influence on 
delayed healing in venous leg ulcers include: decreased mobility9; poor nutrition4; 
previous venous and/or orthopaedic limb surgery14 and increased age14. 
It is obvious from this list that there is little literature in regards to psychosocial 
factors in venous leg ulcers and the literature that there is, is often quite dated.  Two 
studies found clients with chronic leg ulcers have significantly lower average incomes than 
controls without leg ulcers15,16, while only one study by Franks et al. (1995) reported that 
low social class (determined by occupation and lack of central heating) was significantly 
related to delayed healing at 12 weeks. Other studies in this area have reported no 
significant relationship between venous leg ulcer healing and employment status, 
educational level, income, insurance status, marital status, social contact and receiving 
social security benefits.14,17-19  In contrast, looking at models of care which could 
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potentially influence social factors, one study in 1995 indicated that clients treated at home 
as compared to community leg ulcer clinics were significantly more likely to experience 
delayed healing20, while another study found significant improvements in pain and ulcer 
healing were demonstrated in client groups receiving a social model of care as opposed 
to individual home visits.21  Although it has been reported that clients who live alone are 
more likely to experience leg ulceration16, only one previous study was found which 
investigated its relationship with delayed healing - finding no significant association11.  
The limited evidence on potential psychosocial risk factors indicates a need for 
further investigation, as clients living with a venous leg ulcer report experiences of social 
isolation, worries, frustrations and a lack of self-esteem.22  Depression and withdrawal 
have also been associated with delayed healing.16,23  This study aimed to identify early 
predictors of delayed healing in venous leg ulcers, in particular to explore whether any 
psychosocial factors had an independent influence on healing when combined with 
physical and clinical risk factors. 
 
METHODS 
Design 
A secondary analysis was undertaken of a combined database of clinical, ulcer 
healing, health and psychosocial data collected from seven previous studies of 
participants with venous leg ulcers undertaken by the authors’ research team. The studies 
were all longitudinal prospective studies of participants with venous leg ulcers. The aim of 
the secondary analysis was to identify all predictors of delayed healing in venous leg ulcers 
after 24 weeks of treatment.  A flowchart of these studies and loss to follow up figures can 
be found in Figure 1.  These participants had been recruited from hospital outpatient clinics 
and community settings. The aims of the contributing studies were to identify factors (i.e. 
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models of care, physical and clinical factors) associated with delayed healing in venous 
leg ulcers.  The site of recruitment, study and any interventions (i.e. compression type, 
level of mobility) were included as covariates in the analyses and the protocols for the 
contributing studies specified evidence based management, including high level 
compression. 
 
Sample 
The sample for analysis consisted of 318 venous leg ulcers in 247 participants.  
Some participants were involved in more than one study with different leg ulcer episodes, 
or had more than one ulcer in one study, which was controlled for in a hierarchical design 
using generalised linear mixed regression modelling (GLMM).  These participants were 
community-living and were recruited from hospital outpatient wound clinics, community 
nursing organisations and a university based community wound healing service.   
Inclusion Criteria: 
‐ Leg ulcers of primarily venous aetiology, as diagnosed by the clinician in charge of 
care, based on clinical signs and symptoms, Ankle Brachial Pressure Index (ABPI), 
and full patient assessment 
‐ An ABPI of ≥ 0.8 and <1.3 in the affected leg 
Exclusion Criteria: 
‐ Participants with a cognitive impairment, as diagnosed by the clinician assessing 
the participant 
‐ Ulcers with malignancy present.  The possibility of malignancy was assessed by 
the clinician in charge, who then referred any potential malignancies to a medical 
specialist or general practitioner and malignancy was confirmed by biopsy 
A venous leg ulcer for all of these studies was defined as a loss of skin on the leg or 
foot that had been diagnosed as predominantly venous in aetiology by the clinician in 
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charge of care based on clinical signs and symptoms, ABPI and full patient assessment.  
Healed was defined as 100% epithelialisation of the wound bed which was maintained for 
at least two weeks, as evaluated by the clinician in charge of care and supported with 
photos.  Delayed healing was defined as healing that had not occurred within 24 weeks.  
Twenty-four weeks was chosen based on previous studies indications that 70% of venous 
leg ulcers will heal within a 24 week period.7,8 
 
Data Collection and Measures 
Data were collected from October 2002 to February 2012 and contained baseline 
and follow up data for 24 weeks obtained from medical records, clinical assessment and 
questionnaires.  Information gained from medical records or clinical assessment included: 
demographic, physiological and medical information (age, gender, co-morbid conditions, 
medications, venous history, walking aids, fixed ankle joint (defined by the clinician), 
smoking status, ankle and calf circumference, height and weight, ulcer characteristics 
(including predominant tissue type), clinical signs of infection, dressings (including 
antimicrobial dressings) and compression systems); economic information (source of 
income, possession of health care card, suburb and Australian socio-economic indexes 
for areas (SEIFA) code); and social factors (whether a participant lived alone, whether 
they were a carer for someone else and what their marital status was). 
An ABPI was conducted by the clinician in charge of the health service at baseline 
(on recruitment to the studies).  The Pressure Ulcer Scale for Healing (PUSH) tool24 was 
used to document ulcer severity.  The PUSH tool takes into account the area, the amount 
of exudate and wound bed tissue type / surface appearance as determined by the clinician.  
Studies have assessed this scale with a range of leg ulcer types and found it to be a 
responsive, reliable and valid tool for use with venous leg ulcers.25  Wound area was 
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calculated from acetate tracings as measured by VisitrakTM, Smith and Nephew (device to 
calculate digital planimetry from an acetate tracing).  Wound area calculation using 
VisitrakTM has been compared with other forms of wound measurement and has been 
found to be a quick, accurate and valid measurement of wound area.26  Compression 
systems were applied by trained clinicians and levels of compression were reported as 
per manufacturer’s indications. A level of compression >30mmHg was considered as high 
compression.27  Due to variation in the length of follow-up between studies and missing 
data due to participant loss to follow-up or short absences from the clinics, participants did 
not all have the same number of completed data points. 
Self-reported questionnaire data were collected on health related quality of life and 
depressive symptoms at recruitment (baseline) in all contributing studies and included the 
following scales: 
‐ The Short Form 12 item health survey (SF-12v2).28  The SF-12 is designed to 
measure health related quality of life and results in two sub-scale scores: the 
physical component summary (PCS) and mental component summary (MCS) 
scores.28  This survey is a shortened version of the Short Form 36 (SF-36) which 
has been widely used in many countries due to its simplicity and proven 
usefulness in measuring health status.  There is a high correlation between results 
of the SF-12 and those of the SF-36.28  Permission and licences were obtained 
from QualityMetric Inc. 
‐ The shortened 15 question version of the Geriatric Depression Scale (GDS).29  
The GDS has been recommended for screening for depression in older medical 
patients and therefore appropriate for the target population.  The GDS has been 
shown to be easy to administer and readily accepted by older patients as well as 
being a sensitive and specific screening tool for depression.29  This scale has 
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been tested in community living samples and achieved good reliability, with high 
sensitivity and specificity.30 
 
Ethical Considerations 
Ethical approval for this study was obtained from the University Human Research 
Ethics Committee to gain access to de-identified participant information from the 
contributing studies.  Ethical approval for the initial studies had been obtained from the 
university, hospital and community health service organisations’ Human Research Ethics 
Committees.  All participants of the initial studies had been provided with an information 
and consent package and all participants gave written consent. 
 
Statistical analysis 
The responses to the instruments in the questionnaires were coded; then 
summated and transformed as per the relevant guidelines for each instrument.  Any 
missing scale item data were managed as per the instruments’ authors suggested 
methods for scoring when missing data occurred in a multi-item scale. 
Data were analysed with the IBM SPSS Statistics for Windows (Version 19.0) 
software.  Descriptive analyses were initially calculated for all variables. Bivariate 
relationships were then analysed to identify possible explanatory factors associated with 
delayed healing of venous leg ulcers.  Chi-square analysis was used to test relationships 
between categorical independent variables and delayed healing.  T-tests were used for 
normally distributed continuous variables and Mann-Whitney U tests used to test non-
normally distributed continuous variables. 
GLMM was utilised due to its capability to handle correlated data. This method is 
appropriate for studying the relationships of variables in data sets with some form of 
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dependency introduced by a hierarchical study design.31  GLMM analyses contains both 
fixed effects and random effects.31  The fixed effects that were tested in the model 
included both categorical and continuous independent variables, where all levels of the 
variables were included in the study design (i.e. all compression levels, all ages and both 
genders).  The random effects were those variables that randomly varied across study 
replications and included study enrolment, participant number and ulcer identification.  
Thus, GLMM controlled for more than one ulcer case per participant across the different 
studies. 
GLMM was performed to control for potential confounders and determine the 
independent influence of each variable on delayed healing.  In performing the GLMM a 
binomial distribution was used and the dependent variable was whether the ulcer 
remained unhealed after 24 weeks from recruitment.  The model was constructed using 
all variables with a p value of <0.10 32 from the bivariate analyses. These variables are 
listed in Table 1.  In addition the variables of age and mobility were also included as there 
are reports in the literature of an association with delayed healing.  All variables were 
simultaneously entered into the initial model.  A parsimonious model was then derived 
through removal of non-significant variables and analysing differences between models 
using the log likelihood test. 
 
RESULTS 
Sample characteristics 
Physiological 
Seventy percent (n= 221) of the ulcers healed by 24 weeks, while 30% (n=97) had 
not, which is consistent with reports in the literature.7,33  The study participants ranged in 
age from 17 to 95 years with a mean age of 69 years (SD 14.49).  Fifty-one percent of the 
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participants were male, the median duration of ulcers was 24 weeks (range 0 – 1040 
weeks) and the median ulcer area was 2.6cm2 (range 0.1 – 174.4cm2).   
 
Psychosocial 
The majority of participants (84%) were reliant on government aged or disability 
pensions, 6.5% were a carer for someone else and 46.5% of participants lived alone.  
Thirty-six percent of participants scored greater than four on the Geriatric Depression 
Scale, indicating a risk of depression29,30 and the MCS of the SF-12 was 48.32 (SD 
10.73), indicating a slightly lower than average norm-based score for mental health.28 
 
Bivariate analysis 
At the bivariate level, all data described above were checked for a relationship with 
delayed healing.  There were many physiological factors significantly associated with 
delayed healing (see Table 1).  While we tested for 25% and 40% reduction of wound area 
over two and four weeks based on previous research10,34,35 and all were significantly 
related to non-healing, we have reported and used 25% in 2 weeks due to ease of 
measurement and the earliest indication of non-healing. In regards to psychosocial 
variables, living alone was significantly associated with delayed healing, in addition to 
depressive symptoms and quality of life scales; however, no economic variables were 
related to delayed healing in this sample (see Table 1). 
 
Multivariable Model 
The final model (See Table 2) was significant (p<0.001) and correctly classified 81.1% 
in relation to delayed wound healing.  Controlling for all variables, four variables remained 
significant independent predictors - living alone, reduction of less than 25% in wound area 
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at two weeks, PUSH score greater than or equal to 10, and treatment with a compression 
level less than 30mmHg.  
The strongest predictor of failure to heal was whether the wound had reduced in 
area by <25% in 2 weeks, recording an odds ratio of 10.07 (95% CI 4.60 to 22.19), thus 
participants who had an ulcer area reduction of less than 25% in 2 weeks were over 10 
times more likely to remain unhealed at 24 weeks than those who achieved an ulcer 
reduction of 25% or more in 2 weeks. The odds of delayed healing for participants with a 
PUSH score greater than or equal to 10 was over 5 times higher than those with a PUSH 
score less than 10 (OR 5.10, 95% CI 2.33 to 11.18). The odds of delayed healing for 
participants treated with moderate or low level compression (<30mmHg) were over 4 times 
higher (OR 4.18, 95% CI 1.95 to 8.97) than those who had high compression applied at 
baseline (≥ 30mmHg) and participants who lived alone had odds of delayed healing twice 
as high as those who did not live alone (OR 2.3, 95% CI 1.13 to 4.61). 
 
DISCUSSION 
Venous leg ulcer management remains an important challenge for health care 
professionals.  This study has identified four early risk factors that were independently 
significantly associated with delayed healing by 24 weeks: less than 25% reduction in ulcer 
area within two weeks, higher ulcer severity scores on admission, participants who were 
not treated with high level compression therapy (i.e.<30mmHg) and participants who lived 
alone.  As these results were obtained from a large sample of participants from community 
nursing services, community wound clinics and public hospital outpatients’ clinics, the 
results are more generalizable than a single setting.   
As this study was particularly interested in identifying psychosocial risk factors, it 
must be noted that only one of the psychosocial risk factors remained a significant 
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independent risk factor after controlling for clinical and physical factors – living alone.  
However, this is the first study to our knowledge to find a significant association between 
living alone and delayed healing of a venous leg ulcer and therefore requires further 
investigation to determine contributing factors.  The relationship between living alone and 
failure to heal after 24 weeks is complex and likely to be multifactorial.   
Moffat et al. (2006) found an association between clients who live alone and the 
increased likelihood of having a chronic leg ulceration with deficits also noted in perceived 
social support.16  Living alone occurs more frequently in older adults36 and is reported to 
be significantly related to decreased levels of perceived social support.36  Social support 
has been defined as the interactive process by which emotional, instrumental, or financial 
aid is obtained from one’s social network, and research has shown that health and 
supportive relationships can improve overall health and enhance a sense of wellbeing.37  
While our own studies have used the Medical Outcomes Social Support Survey 38 to 
investigate social support, no bivariate relationship has been found with delayed healing, 
however, an association has previously been found between social isolation and slower 
wound healing 39 and social isolation and increased mortality using loneliness surveys 
and other social support surveys39-41  Further research would be beneficial to investigate 
the different measurements of social support and any correlation between social support 
and living alone. 
Older adults who have no income or who receive governmental assistance have 
been shown to be over represented in those who live alone.36  This was also 
acknowledged in this study where those who received a pension were more likely to live 
alone while those who did not live alone were significantly more likely to be self-funded or 
employed (p=0.002).  The population who live on a pension may be unable to afford 
healthcare, assistive devices, a nutritious diet or lack sufficient income to pay for 
household help or travel to visit relatives and friends.36  This is of importance in the venous 
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leg ulcer client population where the costs of dressings and compression therapy are often 
high. Those who live alone are also at increased risk of falls, dehydration, hypothermia, 
infection and physical injuries.36  In this study those who lived alone were significantly 
more likely to require the use a walking aid (p<0.05) and therefore at an increased risk for 
falling and physical injury.  BMI was also investigated in this study however, no significant 
association was found between this measurement of nutrition and living alone.  Living 
alone though is simply a measure of the type of household in which an individual lives and 
is not necessarily representative of ‘being alone’, which represents the amount of time 
individuals spend alone.42 
The inter-relationships are complex, with isolation, loneliness, being alone, living 
alone and social support clearly related.42  A lack of social support, social isolation and 
loneliness are reported to be related to negative health outcomes.43  Pain, exudate, odour 
and the psychological impact of unsightly wounds and bandages often result in social 
isolation.21,22  While living alone is an important finding in this research, we need to 
consider the circumstances that may be contributing to living alone that may be affecting 
the client’s well-being.  Franks et al. (1995) reported that those with less than one social 
contact per week suffered prolonged healing; however this study did not indicate whether 
those people lived alone therefore the number of contacts may be more important than 
actually living alone.20  Psychological theories of disease indicate the importance of the 
social context of disease and the necessary consideration of factors at multiple social 
levels (e.g. individual, peer, community, culture) with the challenge to gain a richer 
understanding of the broader social forces that contribute to these individual factors.44  It 
is important to determine the implications in this target group and undertake further 
research into the effects of these inter-relationships on individuals who live alone. 
Previously, only one dated study had found a two week percent area reduction of 
30% to be a significant indicator of delayed healing34, while two further studies found that 
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percentage area reduction at three and four weeks of between 30% and 40% was a 
predictor of wound delayed healing.10,35  This is an important finding as indicators of 
delayed healing as early as possible are important in clinical assessment and 
management.   
The PUSH score has not previously been reported as a risk factor for delayed 
healing of venous leg ulcers.  However, variables related to the components of the tool  
i.e. ulcer area, exudate and tissue type have been investigated, with a larger ulcer area 
found to be significantly related to delayed healing in many studies.45 In contrast, larger 
amounts of exudate have only been reported as a risk factor in one study,11 while no 
relationships have been identified between wound bed tissue type and delayed healing in 
this population.11,46  Our results have indicated a significant relationship between all the 
components of this tool however, the PUSH score combining all components indicated a 
stronger relationship with delayed healing. 
While there is no consensus in the literature on what level or type of compression 
is  most likely to promote healing, a systematic review of the literature on compression 
therapy for venous leg ulcers concluded that treatment with compression improves healing 
compared with no compression and that multi-component systems were more effective 
than single-component systems, especially when the multi-component systems contained 
an elastic bandage with no evidence to support any level of compression.12 This study 
has specifically indicated that compression levels <30mmHg are related to delayed 
healing. 
 
Limitations 
This study relied on secondary analyses of prior studies due to the need for a large 
sample of participants with appropriate data.  Therefore only the variables that had been 
collected in these studies were able to be analysed.  Many other physiological and 
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psychosocial variables and measurements could be considered in future work, including 
nutrition, wound microbiology, social support and anxiety as this was outside the scope of 
this project to investigate.  The correlations between these variables and living alone would 
also be useful to investigate.  While the GDS has been validated in studies of older people, 
generally greater than 60 years47, this scale may not be as appropriate for all the 
participants in this sample, with a mean age of 69 years (SD 14.49) with ages ranging 
from 17 to 95 years.   
 
CONCLUSION 
This study has examined a range of previously unexplored risk factors and 
identified that living alone, less than 25% ulcer area reduction within 2 weeks, higher ulcer 
severity scores and treatment with compression systems less than 30mmHg are 
significant risk factors for failure to heal after 24 weeks of treatment. These findings 
provide evidence on new risk factors for clinicians, in addition to supporting the previously 
well known risk factors of larger ulcer area and the benefits of high level compression 
therapy along with supporting the risk factor of percentage area reduction.  Importantly, 
the study has shown that psychosocial factors can also be significantly related to delayed 
healing and require further exploration and investigation.   
Delayed wound healing impacts on a clients’ health and well-being and increases 
costs of care.  Known risk factors are essential for use in a clinical setting to promote 
implementation of tailored, appropriate strategies as early as possible.  Early identification 
of clients at high risk of delayed healing facilitates prompt referral of this high risk group to 
specialists, allied health professionals and/or social service providers as needed, rather 
than the common practice of waiting weeks or months to determine response to treatment 
and progress in healing.  The Australian Wound Management’s clinical practice guidelines 
18 | P a g e    
 
recommend that if a wound has not improved in three months then they should be referred 
on to a specialist.48 However, earlier identification of clients at risk enables realistic 
outcome expectations and rapid referrals and/or alternative or adjuvant interventions as 
appropriate when standard care may be insufficient to achieve healing by 24 weeks.  
Wound healing is dependent on a range of factors and it is evident that a holistic approach 
to management may speed the healing process. 
 
 
  
19 | P a g e    
 
REFERENCES 
1.  Briggs M, Closs S. The prevalence of  leg ulceration: a  review of  the  literature. EWMA 
Journal. 2003;3(2):14‐20. 
2.  Mekkes JR, Loots MAM, Van Der Wal AC, Bos JD. Causes, investigation and treatment of 
leg ulceration. British Journal of Dermatology. 2003;148(3):388‐401. 
3.  Fowkes FGR, Evans CJ, Lee AJ. Prevalence and risk factors of chronic venous insufficiency. 
Angiology. Aug 2001;52:S5‐S15. 
4.  Abbade LPF, Lastória S, Rollo HdA. Venous ulcer: clinical characteristics and risk factors. 
International Journal of Dermatology. 2011;50(4):405‐411. 
5.  Posnett J, Franks PJ. The burden of chronic wounds in the UK. Nurs Times. 2008;104(3):44‐
45. 
6.  Edwards H, Finlayson K, Courtney M, Graves N, Gibb M, Parker C. Health service pathways 
for  patients with  chronic  leg  ulcers:  identifying  effective  pathways  for  facilitation  of 
evidence based wound care. BMC Health Services Research. 2013;13(1):86. 
7.  Gohel MS, Taylor M, Earnshaw JJ, Heather BP, Poskitt KR, Whyman MR. Risk factors for 
delayed healing and recurrence of chronic venous  leg ulcers‐‐An analysis of 1324  legs. 
European Journal of Vascular and Endovascular Surgery. 2005;29(1):74‐77. 
8.  Guest M, Smith JJ, Sira MS, Madden P, Greenhalgh RM, Davies AH. Venous ulcer healing 
by  four‐layer  compression  bandaging  is  not  influenced  by  the  pattern  of  venous 
incompetence. British Journal of Surgery. 1999;86(11):1437‐1440. 
9.  Milic DJ, Zivic SS, Bogdanovic DC, Karanovic ND, Golubovic ZV. Risk factors related to the 
failure  of  venous  leg  ulcers  to  heal with  compression  treatment.  Journal  of  Vascular 
Surgery. 2009;49(5):1242‐1247. 
10.  Phillips TJ, Machado F, Trout R, Porter J, Olin J, Falanga V. Prognostic indicators in venous 
ulcers. Journal of American Academy of Dermatology. 2000;43(4):627‐630. 
11.  Taylor RJ, Taylor AD, Smyth JV. Using an artificial neural network to predict healing times 
and risk factors for venous leg ulcers. Journal of Wound Care. 2002;11(3):101‐105. 
12.  O'Meara  S,  Cullum  N,  Nelson  EA,  Dumville  JC.  Compression  for  venous  leg  ulcers. 
Cochrane Database of Systematic Reviews 2012(11). 
13.  Labropoulos N, Wang ED, Lanier ST, Khan SU. Factors associated with poor healing and 
recurrence of venous ulceration. Plastic and Reconstructive Surgery. Jan 2012;129(1):179‐
186. 
14.  Margolis DJ, Berlin JA, Strom BL. Risk factors associated with the failure of a venous leg 
ulcer to heal. Archives Of Dermatology. 1999;135(8):920‐926. 
15.  Bergqvist D,  Lindholm C, Nelzén O. Chronic  leg ulcers:  the  impact of  venous disease. 
Journal of Vascular Surgery. 1999;29(4):752‐755. 
16.  Moffatt CJ, Franks PJ, Doherty DC, Smithdale R, Martin R. Sociodemographic factors  in 
chronic leg ulceration. British Journal of Dermatology. 2006;155:307‐312. 
17.  Chaby G, Senet P, Ganry O, et al. Prognostic factors associated with healing of venous leg 
ulcers: a multicentre, prospective, cohort study. The British Journal Of Dermatology. Nov 
2013;169(5):1106‐1113. 
18.  Franks PJ, Bosanquet N, Connolly M, et al. Venous ulcer healing ‐ effect of socioeconomic‐
factors in London. Journal of Epidemiology and Community Health. Aug 1995;49(4):385‐
388. 
19.  Jones KR. Why do chronic venous  leg ulcers not heal? Journal of Nursing Care Quality. 
2009;24(2):116‐124. 
20 | P a g e    
 
20.  Franks PJ, Moffatt CJ, Connolly M, et al. Factors associated with healing leg ulceration with 
high compression. Age And Ageing. 1995;24(5):407‐410. 
21.  Edwards  H,  Courtney  M,  Finlayson  K,  et  al.  Chronic  venous  leg  ulcers:  effect  of  a 
community nursing intervention on pain and healing. Nursing Standard. 2005;19(52):47‐
54. 
22.  Persoon A, Heinen MM, van der Vleuten CJM, de Rooij MJ, van de Kerkhof PCM, van 
Achterberg T. Leg ulcers: a review of their impact on daily life. Journal of Clinical Nursing. 
2004;13(3):341‐354. 
23.  Finlayson  KJ,  Courtney  MD,  Gibb  MA,  O'Brien  JA,  Parker  CN,  Edwards  HE.  The 
effectiveness  of  a  four‐layer  compression  bandage  system  in  comparison  to  Class  3 
compression hosiery on healing and quality of life for patients with venous leg ulcers: a 
randomised controlled trial. International Wound Journal. Jun 21 2012;11(1):21‐27. 
24.  National Pressure Ulcer Advisory Panel. Educational and Clinical Resources ‐ PUSH Tool. 
2013; http://wwwnpuaporg/wp‐content/uploads/2012/03/push3pdf. Accessed 5th June, 
2013, 2013. 
25.  Hon J, Lagden K, McLaren AM, et al. A prospective, multicenter study to validate use of 
the  PUSH  in  patients  with  diabetic,  venous,  and  pressure  ulcers.  Ostomy  Wound 
Management. 2010;56(2):26‐36. 
26.  Haghpanah S, Bogie K, Wang X, Banks PG, Ho CH. Reliability of electronic versus manual 
wound  measurement  techniques.  Archives  of  Physical  Medicine  &  Rehabilitation. 
2006;87(10):1396‐1402. 
27.  European  Wound  Management  Association,  ed  Position  document:  Understanding 
compression therapy. London: MEP Ltd.; 2003. 
28.  Ware J, Jr., Kosinski M, Keller SD. A 12‐Item Short‐Form Health Survey: construction of 
scales and preliminary tests of reliability and validity. Medical Care. 1996;34(3):220‐233. 
29.  Brink T, Yesavage  J, Lum O, Heersema P, Adey M, Rose T. Screening  tests  for geriatric 
depression. Clinical Gerontologist: The Journal of Aging and Mental Health. 1982;1(1):37‐
43. 
30.  McDowell  I, Newell C. Measuring Health  ‐ A guide to rating scales and questionnaires. 
Second Edition ed. Oxford: Oxford University Press; 1996. 
31.  Tabachnick BG, Fidell LS. Using multivariate statistics. 5th ed. Needham Heights, MA: Allyn 
& Bacon; 2007. 
32.  Katz MH,  ed Multivariable  analysis:  A  practical  guide  for  clinicians  and  public  health 
researchers. Third ed: Cambridge University Press; 2011. 
33.  Margolis  DJ,  Allen‐Taylor  L,  Hoffstad  O,  Berlin  JA.  The  accuracy  of  venous  leg  ulcer 
prognostic  models  in  a  wound  care  system.  Wound  Repair  &  Regeneration. 
2004;12(2):163‐168. 
34.  Arnold TE, Stanley JC, Fellows EP, et al. Prospective, Multicenter Study of Managing Lower 
Extremity Venous Ulcers. Annals of Vascular Surgery. 1994;8(4):356‐362. 
35.  Kantor J, Margolis DJ. A multicentre study of percentage change in venous leg ulcer area 
as  a  prognostic  index  of  healing  at  24  weeks.  British  Journal  of  Dermatology. 
2000;142(5):960‐964. 
36.  Shu‐Chuan JH, Lo SK. Living alone, social support, and feeling lonely among the elderly. 
Social Behavior and Personality: an international journal. 2004;32(2):129‐129. 
37.  Charles  H.  The  influence  of  social  support  on  leg  ulcer  healing.  British  Journal  of 
Community Nursing. 2010;15:S14‐21. 
38.  Sherbourne C, Stewart A. The MOS social support survey. Soc. Sci. Med. 1991;32(6):705‐
714. 
21 | P a g e    
 
39.  Cacioppo  JT, Hawkley  LC.  Social  isolation and health, with an emphasis on underlying 
mechanisms. Perspectives in biology and medicine. 2003;46(3 Suppl):S39‐S52. 
40.  Brummett BH, Barefoot JC, Siegler  IC, et al. Characteristics of Socially  Isolated Patients 
With Coronary Artery Disease Who Are  at  Elevated Risk  for Mortality. Psychosomatic 
Medicine. 2001;63(2):267‐272. 
41.  Steptoe A, Shankar A, Demakakos P, Wardle J. Social isolation, loneliness, and all‐cause 
mortality in older men and women. Proceedings of the National Academy of Sciences of 
the United States of America. 2013;110(15):5797‐5801. 
42.  Victor C, Scambler S, Bond J, Bowling A. Being alone in later life: loneliness, social isolation 
and living alone. Reviews in Clinical Gerontology. 2000;10(4):407‐417. 
43.  Barrett AE. Social support and life satisfaction among the never married: Examining the 
effects of age. Research on Aging. 1999;21(1):46‐72. 
44.  Miller G, Chen E, Cole SW. Health psychology: developing biologically plausible models 
linking the social world and physical health. Annual review of psychology. 2009;60(1):501‐
524. 
45.  Parker CN, Finlayson KJ, Shuter P, Edwards HE. Risk fators for delayed healing in venous 
leg ulcers: a review of the literature. International Journal of Clinical Practice. 2015. 
46.  Cardinal  M,  Eisenbud  DE,  Armstrong  DG.  Wound  shape  geometry  measurements 
correlate to eventual wound healing. Wound Repair & Regeneration. 2009;17(2):173‐178. 
47.  Allen J, Annells M. A literature review of the application of the Geriatric Depression Scale, 
Depression  Anxiety  Stress  Scales  and  Post‐traumatic  Stress  Disorder  Checklist  to 
community nursing cohorts. Journal of Clinical Nursing. 2009;18(7):949‐959. 
48.  The Australian Wound Management Association Inc and the New Zealand Wound Care 
Society Inc, ed Australian and New Zealand Clinical Practice Guideline for Prevention and 
Management of Venous Leg Ulcers: Cambridge Publishing; 2011. 
49.  Edwards H, Courtney M, Finlayson K, Shuter P, Lindsay E. A randomised controlled trial of 
a community nursing  intervention:  improved quality of  life and healing for clients with 
chronic leg ulcers. Journal of Clinical Nursing. 2009;18(11):1541‐1549. 
50.  O’Brien J, Edwards H, Stewart I, Gibbs H. A home‐based progressive resistance exercise 
programme for patients with venous leg ulcers: a feasibility study. International Wound 
Journal. 2012;10(4):389‐396. 
51.  Stupar D, Upton Z, Gupta R, Shooter G. Biochemical profiling of chronic leg ulcers. Paper 
presented  at:  4th  Congress  of  the  World  Union  of  Wound  Healing  Societies2012; 
Yokohama, Japan. 
52.  Gibb MA, Edwards H, Finlayson K.  Innovative practice  in the assessment, management 
and  prevention  of  chronic  wounds:  introducing  the  wound  management  nurse 
practitioner model.  Paper  presented  at:  4th  Congress  of  the World Union  of Wound 
Healing Societies2012; Yokohama, Japan. 
 
22 | P a g e    
 
Table 1: Physiological, Social, Quality of Life and Psychological Factors  
(n=318 ulcers in 247 participants) 
n= 221 of the ulcers healed by 24 weeks / n=97 remained unhealed 
  Healed by 
24 weeks 
n(%) 
Unhealed by 
24 weeks 
n(%) 
Total 
 
n(%) 
 
     Frequencies 2 p
Physiological       
Rheumatoid Arthritis  12 (5.6%) 12 (12.6%) 24 (7.7%) 4.59 0.032
Gout  5 (2.4%) 7 (7.8%) 12 (4.0%) 4.65 0.031
Autoimmune Disease    16 (7.7%)  13 (14.6%)  29 (9.8%)  3.33  0.068
DVT in study leg  27 (13.6%) 22 (23.7%) 49 (16.6%) 5.72 0.017
Venous surgery in study leg  37 (17.4%) 27 (29.0%) 64 (20.9) 5.32 0.021
Oedema  149 (73.4%) 41 (59.4%) 190 (69.9%) 4.78 0.029
Fixed ankle joint  14 (15.2%) 17 (50%) 31 (24.6%) 16.48 <0.001
Walking aid  59 (27.8%) 41 (42.3%) 100 (32.4%) 6.67 0.010
Aching in study leg  41(40.2%) 34 (58.6%) 75 (46.9%) 6.27 0.012
Allopurinol  8 (4.2%) 8 (10.7%) 16 (6.0%) 3.95 0.047
Salbutamol  21 (10.1%) 2 (2.4%) 23 (7.9%) 4.95 0.026
Antidepressants  27 (13%) 19 (22.9%) 46 (15.9%) 4.31 0.038
Treated with Compression 
30+mmHg  
 164 (74.9%)
 
50 (51.5%) 
 
214 (67.7%) 
 
16.75 <0.001
Wound size reduced 25% at 
2 weeks 
 87 (65.9%) 
 
9 (25.0%) 
 
96 (57.1%) 
 
19.33 <0.001
Calf size reduced by ≥ 2cm at 
week 2* 
  37 (37.0%)
 
2 (12.5%)
 
39 (33.6%) 
 
 
 
0.085
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  Healed by 
24 weeks 
n(%) 
Unhealed by 
24 weeks 
n(%) 
Total 
 
n(%) 
 
Haemosiderosis  60 (56.1%) 14 (32.6%) 74 (49.3%) 6.79 0.009
Lymphoedema*    0 (0%) 4 (11.4%) 4 (3.1%)    0.005
Exudate  None 
Light 
Moderate 
Heavy 
10 (4.7%)
81 (37.9%) 
98 (45.8%) 
25 (11.7%) 
2 (2.1%)
24 (25.5%) 
52 (55.3%) 
16 (17.0%) 
12 (3.9%) 
105 (34.1%) 
150 (48.7%) 
41 (13.3%) 
 
 
 
6.61 
 
 
0.085
Tissue type (predominant)  Epithelial 
Granulation 
Slough 
Necrotic 
9 (4.2%) 
105 (48.6%)
99 (45.8%) 
3 (1.4%) 
3 (3.1%) 
31 (32.0%) 
60 (61.9%) 
3 (3.1%) 
12 (3.8%) 
136 (43.5%) 
159 (50.8%) 
6 (1.9%) 
 
 
 
8.87 
 
 
 
0.031
  Mean (SD) t 
PUSH Score  9.22 (2.9) 11.11 (3.09) 9.97 (3.17) 5.08 <0.001
PCS1  36.68 (10.72) 28.30 (7.34) 34.399 (10.40) -2.51 0.016
  Median (Range) Mann 
Whitney-U
 
Duration (weeks)  20.5 (0-1040) 28 (0-1040) 24( 0-1040) 7825.00 0.004
Ulcer Area (cm2)  2.2  
(0.1-104.6) 
6.45  
(0.2-174.40) 
2.6 
 (0.1-174.40) 
 
6203.50 
 
<0.001
Pain/10    2.5 (0‐10)  4 (0‐10)  3 (0‐10)  3104.00  0.032
  Frequencies 2 p 
Social Functioning       
Lives alone  85 (39.7%) 59 (61.5%) 144 (46.5%) 12.60 <0.001
Psychological       
GDS>42  48 (31.8%) 33 (45.8%) 81 (36.3%) 4.16 0.041 
*Fishers exact test used due to the value in at least one cell being < 5  
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1 PCS: Physical Component Summary Scale of the SF‐12 survey, a health related quality of life measure28.  This 
scale is designed to have a mean of 50 and SD 10 where 0 indicates the lowest level of health and 100 indicates 
the highest level of health 
2 GDS with scores ranging between 0 and 15.  Scores between 0 and 4 are considered normal; 5 to 9 indicate a 
risk of mild depression; and 10 to 15 indicate a risk of moderate to severe depression29,30. 
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Figure 1: Flowchart of eligible participants  
 
 
n 
 
 
 
 
 
 
 
 
 
 
 
 
a A trial of two community nursing models of care for clients with venous leg ulcers 49 
b An investigation of biomarkers in venous leg ulcers  
c A randomised control trial of two types of high level  compression therapy for clients with venous leg ulcers 23  
d A randomised controlled trial investigating the effects of a progressive resistance exercise program for clients with venous leg ulcers 50  
e A prospective observational study of pathways of care for clients with chronic leg ulcers 6  
f A prospective observational study to determine relationships between clinical outcomes and biochemical markers in clients with chronic wounds 51  
g An evaluation of  a community wound healing service 52 
Eligible participants fitting inclusion criteria 
Study Onea 
n=73 
Study Twob 
n=43 
Study Threec
n=87 
Study Fourd
n=10 
Study Fivee
n=33 
Study Sixf
n=17 
Study Seveng  
n=103 
Lost to follow up 
n=17 
(3 hospitalised, 14 
unknown) 
Lost to follow up 
n=9 
(4 hospitalised, 5 
unknown) 
Lost to follow up
n=5 
(3 hospitalised, 2 
withdrew) 
Lost to follow up 
n=2 
(2 not followed up 
for 24 weeks) 
Lost to follow up 
n=3 
(2 hospitalised, 1 
unknown) 
Lost to follow up 
n=2 
(2 hospitalised) 
Lost to follow up n=10 
(5 hospitalised, 2 
diagnosed SCC, 2 
withdrew, 1 unknown) 
Final analysis 
n=56 
Final analysis 
n=34 
Final analysis
n=82 
Final analysis
n=8 
Final analysis
n=30 
Final analysis
n=15 
Final analysis 
n=93 
Final sample n= 318 
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Table 2: GLMM: factors associated with delayed healing at 24 weeks of venous leg ulcers 
(n=318 ulcers, in 247 participants) 
n= 221 of the ulcers healed by 24 weeks / n=97 remain unhealed 
 Coefficient SE t p Odds 
Ratios 
95% CI 
FF       
Lives Alone 0.83 0.32 2.60 0.03 2.3 1.13 to 4.61 
Compression 
(<30mmHg) 
1.43 0.35 4.13 0.002 4.18 1.95 to 8.97 
PUSH score ≥10 1.63 0.36 4.58 0.001 5.10 2.33 to 11.18
Ulcer area reduction of 
25% or less in 2 weeks 
2.31 0.36 6.47 <0.001 10.07 4.60 to 22.19
 
SE:Standard Error; 95% CI: Confidence Interval; FF: Fixed Factors  
 
 
 
 
 
 
